
Robust 3D Object Detection
using Probabilistic Point Clouds

from Single Photon LiDARs

https://bhavyagoyal.github.io/ppc

ICCV 2025

https://bhavyagoyal.github.io/ppc


3D Inference with LiDAR Point Clouds

Point Clouds are often Sparse and Noisy

Smaller and Farther objects are challenging
Source: KITTI Vision Benchmark Suite
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Challenging Low SBR Scenarios
● Long distance
● Low laser power
● Low scene albedo
● Strong ambient light
● And more

3D Point Cloud

3D Inference Pipeline with LiDAR
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● Power constraints
● Lightweight sensors
● Low scene albedo
● Long distance
● Strong ambient light
● And more

Challenging Low SBR in 3D Sensing

Resource Constrained Devices
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3D Inference in Low SBR

● Noisy and Sparse point clouds in Low SBR
● Misses farther objects: cars

Scene (GT) Point Cloud
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Augmenting Point Cloud with Confidence
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Inference with Probabilistic Point Cloud (PPC)

Point Cloud

Robust
Inference

using PPC
Probability
Attribute

● Probabilistic Point Cloud (PPC) from LiDARs
● Robust Inference using PPC

Probabilistic Point Cloud (PPC)
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3D Inference with PPC

● Neighbor Probability Density Filtering (NPD)

● Farthest Probable Point Sampling (FPPS)

● Probability Aware 3D inference networks
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3D Inference with PPC

● Neighbor Probability Density Filtering (NPD)

● Farthest Probable Point Sampling (FPPS)

● Probability Aware 3D inference networks
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Probabilistic Point Cloud (PPC)

Noise in Low SBR

● Spurious points
○ Arbitrarily far from a surface/object

High SBR

● High Spatial Density of points on surface  

Low SBR 11



Noise Removal

Neighbor Probability Density (NPD) Filtering

● High Probability and Spatial Density NPD Score

NPD
Filtering
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Noise Removal

Neighbor Probability Density (NPD) Filtering

● High Probability and Spatial Density NPD Score
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3D Inference with PPC

● Neighbor Probability Density Filtering (NPD)

● Farthest Probable Point Sampling (FPPS)

● Probability Aware 3D inference networks
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Point Sampling under Low SBR

Farthest Point Sampling (FPS)

FPS prioritizes farther points, samples more noise

Point Cloud (Low SBR)

FPS

Point Cloud (Ground Truth)

FPS
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Farthest Probable Point Sampling (FPPS)

High probability candidate set for FPS

FPPS samples less noise

Measured Point Cloud (Low SBR)

FPS

Point Cloud (Ground Truth)

FPS

Probabilistic Point Cloud (PPC)

FPPS
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3D Inference with PPC

● Neighbor Probability Density Filtering (NPD)

● Farthest Probable Point Sampling (FPPS)

● Probability Aware 3D inference networks
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Votenet 3D Object Detection Network

N
 x

 3
 

N
 x

 4
 

Probability Aware 3D Inference

● Probability weighted feature vectors

● Probability as point attribute
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3D Object Detection Results

● LiDAR Setup and Real Captures

● Simulated Captures
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3D Object Detection Results

● LiDAR Setup and Real Captures

● Simulated Captures
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LiDAR Setup

ADAPS LiDAR 21



LiDAR Setup

FLIMera LiDAR

FLIMera 
Base Unit

FLIMera
+ MountDiffuser

Laser
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Scene (GT) Matched Filtering Thresholding PPC (Ours)

PPC detects all objects: farther cars

3D Object Detection on Real Outdoor Captures
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Scene (GT) Matched Filtering Thresholding PPC (Ours)

PPC detects all objects: far car, pedestrian and bike

3D Object Detection on Real Outdoor Captures
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PPC detects all objects: couch, far chair and table

3D Object Detection on Real Indoor Captures

Scene (GT) Matched Filtering Thresholding PPC (Ours)
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3D Object Detection Results

● LiDAR Setup and Real Captures

● Simulated Captures
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3D Detection on SUN RGB-D

PPC outperforms all baselines significantly under very low SBR

GTScene Matched Filtering Thresholding PPC (Ours)
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GTScene Matched Filtering Thresholding PPC (Ours)

PPC can detect farther objects: bookshelf, couch and chair

3D Object Detection on SUN RGB-D
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3D Detection on KITTI

PPC outperforms all baselines significantly under very low SBR

GTScene Matched Filtering Thresholding PPC (Ours)
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GTScene Matched Filtering Thresholding PPC (Ours)

PPC can detect farther objects: car and far pedestrian

3D Object Detection on KITTI
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GTScene Matched Filtering Thresholding PPC (Ours)

PPC can detect distant objects: cars

3D Object Detection on KITTI
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Summary

Sensing: Confidence information from 3D sensors

Inference: Robust 3D perception using probabilistic point clouds

Scene Probabilistic Point Cloud



Thank You

Questions?
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Additional Results



Ablation Study

● Probability Attribute
● NPD Filtering and FPPS
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Ablation Study

● NPD Score Hyperparameters
○ NPD Score (𝛼)
○ FPPS Probability (𝛽)
○ Max Ball Neighbors (L)
○ Ball Radius (r) 
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Camera-LiDAR fusion with ImVoteNet

PPC outperforms all baselines significantly on SUN RGB-D under very low SBR
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PointPillars Detector 

PPC outperforms all baselines significantly on KITTI under very low SBR
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Uni3DETR (Transformer-based) Detector 

PPC outperforms all baselines significantly on SUN RGB-D under very low SBR
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Category-wise Results on SUN RGB-D

PPC is very effective on small categories under very low SBR
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Denoising Networks

PointClean Net

Score-based Denoising
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Should we use denoising networks for inference?

● Improves Surface Reconstruction
○ Not 3D Object Detection

● Local Isotropic Gaussian Noise
● Spurious point have no depth 

information 

● Computational Overhead
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Runtime

Comparison of inference time
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3D Detection Results with PPC Variants

PPC-aware detection models show better performance
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3D Detection Results
Scene Ground Truth

Matched Filtering Matched Filtering + Threshold

PPC (Ours)

Score-Denoising

PPC can detect smaller and farther objects 45



3D Detection Results

PPC detects smaller and farther objects

Scene Ground Truth PPC (Ours)

Matched Filtering Matched Filtering + Threshold Score-Denoising
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